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7KH�1DWLRQDO�5HVRXUFHV�,QYHQWRU\�DQG�LWV�5ROH�LQ�8�6��$JULFXOWXUH

-��-HIIHU\�*RHEHO

1DWXUDO�5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH��8�6��'HSDUWPHQW�RI�$JULFXOWXUH

$%675$&7���7KLV�SDSHU�GLVFXVVHV�YDULRXV�DVSHFWV�RI�WKH�1DWLRQDO�5HVRXUFHV�,QYHQWRU\�SURJUDP��ZKLFK�LV�FRQGXFWHG�E\�WKH

1DWXUDO�5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH��DQ�DJHQF\�RI�WKH�8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH��LQ�FRRSHUDWLRQ�ZLWK�WKH�,RZD

6WDWH�8QLYHUVLW\�6WDWLVWLFDO�/DERUDWRU\���7KH�1DWXUDO�5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH��IRUPHUO\�WKH�6RLO�&RQVHUYDWLRQ�6HUYLFH�

KDV�EHHQ�FROOHFWLQJ�QDWXUDO�UHVRXUFHV�GDWD�VLQFH�WKH�����V���7KH�FXUUHQW�LQYHQWRU\�LV�D�ORQJLWXGLQDO�VXUYH\�RI�VRLO��ZDWHU�DQG

UHODWHG�UHVRXUFHV�GHVLJQHG�WR�DVVHVV�FRQGLWLRQ�DQG�WUHQGV�HYHU\�ILYH�\HDUV�RQ�WKH�QRQ�IHGHUDO�ODQGV�RI�WKH�8QLWHG�6WDWHV���$Q

KLVWRULFDO�RYHUYLHZ�RI�WKLV�PXOWL�UHVRXUFH�LQYHQWRU\�LV�SURYLGHG���6DPSOH�GHVLJQ�DQG�GDWD�FROOHFWLRQ�DUH�GHVFULEHG���'DWD�DQDO\VLV

WHFKQLTXHV�DQG�PRGHOLQJ�DUH�GLVFXVVHG�LQ�UHODWLRQ�WR�DJUL�HQYLURQPHQWDO�LVVXHV�DQG�SROLF\���7KH�1DWLRQDO�5HVRXUFHV�,QYHQWRU\�KDV

HYROYHG�RYHU�WKH�GHFDGHV�DV�UHVRXUFH�LVVXHV�KDYH�FKDQJHG��LW�ZLOO�FRQWLQXH�WR�HYROYH�DV�SDUW�RI�DQ�RQJRLQJ�HIIRUW�WR�EHWWHU�DVVHVV

VRLO�FRQVHUYDWLRQ��QDWXUDO�UHVRXUFHV�KHDOWK��DQG�RWKHU�HQYLURQPHQWDO�LVVXHV�

�� ,QWURGXFWLRQ

7KH�1DWXUDO�5HVRXUFHV�&RQVHUYDWLRQ�6HUYLFH��15&6��LV�DQ�DJHQF\�RI�WKH�8QLWHG�6WDWHV�'HSDUWPHQW�RI

$JULFXOWXUH��86'$����)RUPHUO\�NQRZQ�DV�WKH�6RLO�&RQVHUYDWLRQ�6HUYLFH��LWV�PLVVLRQ�LV�´WR�SURYLGH

OHDGHUVKLS�LQ�D�SDUWQHUVKLS�HIIRUW�WR�KHOS�SHRSOH�FRQVHUYH��LPSURYH��DQG�VXVWDLQ�RXU�QDWXUDO�UHVRXUFHV

DQG�WKH�HQYLURQPHQW�µ��7KH�6RLO�&RQVHUYDWLRQ�6HUYLFH�ZDV�HVWDEOLVKHG�DV�SDUW�RI�WKH�6RLO�&RQVHUYDWLRQ

$FW�RI��������+XJK�+DPPRQG�%HQQHWW��WKH�DJHQF\�IRXQGHU�DQG�ILUVW�FKLHI��ZDV�DEOH�WR�FRQYLQFH�WKH

8�6��&RQJUHVV�WKDW�VRLO�HURVLRQ�ZDV�D�QDWLRQDO�PHQDFH�DQG�WKDW�D�SHUPDQHQW�DJHQF\�ZLWKLQ�86'$�ZDV

QHHGHG�WR�FDOO�ODQGRZQHUV·�DWWHQWLRQ�WR�WKHLU�ODQG�VWHZDUGVKLS�RSSRUWXQLWLHV�DQG�UHVSRQVLELOLWLHV���7KLV

OHJLVODWLRQ�ZDV�EDVHG��LQ�SDUW��XSRQ�UHVXOWV�IURP�WKH������1DWLRQDO�(URVLRQ�5HFRQQDLVVDQFH�6XUYH\�
ZKLFK�ZDV�WKH�ILUVW�IRUPDO�VWXG\�RI�HURVLRQ�FRQGXFWHG�LQ�WKH�8�6�

.QRZOHGJH�DERXW�WKH�1DWLRQ·V�QDWXUDO�UHVRXUFHV�LV�FULWLFDO�IRU�DJULFXOWXUH�DQG�IRU�WKH�ZHOO�EHLQJ�RI�WKH

1DWLRQ·V�SHRSOH���$V�SDUW�RI�15&6·V�PLVVLRQ��LW�FROOHFWV�ODUJH�TXDQWLWLHV�RI�GDWD��ERWK�DW�WKH�ILHOG�OHYHO

DQG�DW�D�ODUJHU�VFDOH���0XFK�GDWD�LV�FROOHFWHG�DW�WKH�ILHOG�DQG�IDUP��RU�UDQFK��OHYHO�E\�WKRXVDQGV�RI

15&6�HPSOR\HHV�KLJKO\�VNLOOHG�LQ�PDQ\�VFLHQWLILF�DQG�WHFKQLFDO�VSHFLDOWLHV��LQFOXGLQJ�VRLO�VFLHQFH��VRLO

FRQVHUYDWLRQ��DJURQRP\��ELRORJ\��DJURHFRORJ\��UDQJH�FRQVHUYDWLRQ��IRUHVWU\��HQJLQHHULQJ��JHRORJ\�

K\GURORJ\��FXOWXUDO�UHVRXUFHV��DQG�HFRQRPLFV���7KHVH�VSHFLDOLVWV�SURYLGH�WHFKQLFDO�DVVLVWDQFH�WR�IDUPHUV

DQG�UDQFKHUV�LQ�GHYHORSPHQW�RI�FRQVHUYDWLRQ�V\VWHPV�XQLTXHO\�VXLWHG�WR�WKHLU�ODQG�DQG�WKHLU�LQGLYLGXDO

ZD\V�RI�GRLQJ�EXVLQHVV���$VVLVWDQFH�LV�DOVR�SURYLGHG�WR�UXUDO�DQG�XUEDQ�FRPPXQLWLHV�WR�UHGXFH�HURVLRQ�

FRQVHUYH�DQG�SURWHFW�ZDWHU��DQG�VROYH�RWKHU�UHVRXUFH�SUREOHPV�

15&6�LV�DOVR�PDQGDWHG��WKURXJK�WKH�5XUDO�'HYHORSPHQW�$FW�RI�������WKH�6RLO�DQG�:DWHU�5HVRXUFHV

&RQVHUYDWLRQ�$FW�RI�������DQG�RWKHU�VXSSRUWLQJ�OHJLVODWLRQ��WR�DVVHVV�WKH�VWDWXV��FRQGLWLRQ��DQG�WUHQGV

RI�VRLO��ZDWHU�DQG�UHODWHG�UHVRXUFHV�RQ�WKH�1DWLRQ·V�QRQ�)HGHUDO�ODQGV�DW�LQWHUYDOV�QRW�H[FHHGLQJ

��\HDUV���7R�KHOS�DFFRPSOLVK�WKLV�DVVHVVPHQW��WKH�1DWLRQDO�5HVRXUFHV�,QYHQWRU\��15,��SURJUDP�KDV

EHHQ�GHYHORSHG���7KH�15,�SURJUDP�ZDV�GHYHORSHG�WR�DXJPHQW�WKH�DJHQF\·V�VRLO�VXUYH\�SURJUDP��ZKLFK

KDV�GHYHORSHG�H[WHQVLYH�GHWDLOHG�VRLOV�PDSV�DQG�H[WHQVLYH�VRLO�LQWHUSUHWDWLRQV�GDWD�EDVHV���7KLV�ZHDOWK

RI�VRLOV�LQIRUPDWLRQ�VHUYHV�DV�DQ�LQYDOXDEOH�EDVH�IRU�15,�GDWD�FROOHFWLRQ�DQG�DVVHVVPHQWV�DQG�KHOSV

PDNH�WKH�15,�D�XQLTXH�LQYHQWRU\�



���

7KLV�SDSHU�SUHVHQWV�LQIRUPDWLRQ�RQ�SDVW�DQG�SUHVHQW�UHVRXUFH�LQYHQWRU\�DFWLYLWLHV�RI�15&6���5HVRXUFH

LQYHQWRULHV�KDYH�FKDQJHG�VLJQLILFDQWO\�RYHU�WKH�GHFDGHV��WKLV�LV�PRVWO\�EHFDXVH�QDWXUDO�UHVRXUFH�LVVXHV

WKDW�FRQFHUQ�WKH�SXEOLF�FKDQJH�RYHU�WLPH�³�VRLO�HURVLRQ�KDV�EHHQ�D�FRQFHUQ�HYHU�VLQFH�WKH�'XVW�%RZOV

RI�WKH�����V��SUHVHUYDWLRQ�RI�SULPH�IDUPODQG�DQG�FOHDQ�ZDWHU�EHFDPH�LVVXHV�LQ�WKH�����V��FRQFHUQ�RYHU

ZHWODQGV��ZLOGOLIH�KDELWDW��DQG�HQYLURQPHQWDO�DIIHFWV�RI�DJULFXOWXUH�KDYH�EHFRPH�LVVXHV�PRUH�UHFHQWO\��

,QYHQWRULHV�KDYH�DOVR�FKDQJHG�EHFDXVH�PXFK�KDV�EHHQ�OHDUQHG�IURP�SUHYLRXV�LQYHQWRULHV��DQG�EHFDXVH

RI�WHFKQRORJLFDO�DQG�VFLHQWLILF�DGYDQFHPHQWV�LQ�ILHOGV�VXFK�DV�VWDWLVWLFV��VRLO�VFLHQFH��DJURQRP\�

FRPSXWHU�DQG�GDWD�EDVH�WHFKQRORJ\��DQG�VLPXODWLRQ�PRGHOLQJ�

,QFUHDVHG�LQWHUHVW�LQ�HQYLURQPHQWDO�KHDOWK�KDV�OHG�WR�DQ�LQFUHDVHG�GHPDQG�IRU�FUHGLEOH�LQIRUPDWLRQ�RQ

WKH�1DWLRQ·V�QDWXUDO�UHVRXUFHV���/RQJ�VWDQGLQJ�LQYHQWRU\�DQG�PRQLWRULQJ�SURJUDPV�KDYH�QRW�EHHQ

SURYLGLQJ�UHOHYDQW�GDWD�WR�HQDEOH�HIIHFWLYH�QDWXUDO�UHVRXUFH�DQG�HQYLURQPHQWDO�DVVHVVPHQW���7KLV�LV

SDUWO\�EHFDXVH�WKH�SURJUDPV�ZHUH�GHVLJQHG�IRU�RWKHU�SXUSRVHV��EXW�WKH�PDMRU�SUREOHP�LV�WKH�ODFN�RI

IXQFWLRQDO�UHVRXUFH�DVVHVVPHQW�SURWRFROV�DQG�WRROV���1HZ�IHGHUDO�PRQLWRULQJ�DFWLYLWLHV�KDYH�EHHQ

SURSRVHG��DQG�DFWLYLWLHV�WR�GHYHORS�DVVHVVPHQW�SURWRFROV�DQG�LQFRUSRUDWH�WKHP�LQWR�DJHQF\�DFWLYLWLHV�DUH

LQ�SURJUHVV���7KHVH�DVVHVVPHQW�SURFHGXUHV�ZLOO�QHHG�WR�EH�UHOHYDQW�DW�PDQ\�VFDOHV��LQFOXGLQJ�D�QDWLRQDO

LQYHQWRU\�WR�DIIHFW�QDWLRQDO�SROLF\�DQG�HQWHUSULVH�OHYHO�WR�JXLGH�ODQG�RZQHUV�DQG�RSHUDWRUV���,W�LV�OLNHO\

WKDW�VRLO�TXDOLW\�RU�KHDOWK�ZLOO�EH�WKH�FRUQHUVWRQH�RI�WKHVH�DVVHVVPHQW�WRROV��EXW�RWKHU�IDFHWV�RI�WKH

HFRV\VWHP�DUH�DOVR�YHU\�UHOHYDQW�>*RHEHO��0DXVEDFK�DQG�.DUOHQ�����@�

�� +LVWRULFDO�3HUVSHFWLYHV

��� 2YHUYLHZ

7KH�1DWLRQDO�5HVRXUFHV�,QYHQWRU\��15,��LV�D�ORQJLWXGLQDO�VXUYH\�WKDW�KDV�EHHQ�GHVLJQHG�WR�DVVHVV

FRQGLWLRQV�DQG�WUHQGV�RI�VRLO��ZDWHU�DQG�UHODWHG�UHVRXUFHV�RQ�QRQ�)HGHUDO�ODQGV�LQ�WKH�8QLWHG�6WDWHV���,W

LV�FRQGXFWHG�E\�15&6��LQ�FRRSHUDWLRQ�ZLWK�WKH�,RZD�6WDWH�8QLYHUVLW\�6WDWLVWLFDO�/DERUDWRU\���7KH

SXUSRVH�RI�WKH�15,�LV�WR�SURYLGH�VXSSRUW�IRU�DJULFXOWXUDO�DQG�HQYLURQPHQWDO�SROLF\�GHYHORSPHQW�DQG

SURJUDP�LPSOHPHQWDWLRQ�

��� 5HFRQQDLVVDQFH�6WXGLHV�LQ�WKH�����V�DQG�����V

&ROOHFWLRQ�RI�QDWXUDO�UHVRXUFHV�GDWD�VWDUWHG�LQ�WKH�����V��ZKHQ�WKHUH�ZDV�FRQFHUQ�DERXW�VRLO�HURVLRQ�WKDW

ZDV�EHLQJ�FDXVHG�E\�VHYHUDO�\HDUV�RI�H[WUHPHO\�GURXJKW\�FRQGLWLRQV��ODQG�PDQDJHPHQW�SUDFWLFHV�WKDW

ZHUH�QRW�DWWHPSWLQJ�WR�SURWHFW�WKH�VRLOV�UHVRXUFH�EDVH��DQG�WKH�HIIHFWV�RI�VRLO�HURVLRQ�RQ�DJULFXOWXUDO

SURGXFWLRQ���'DWD�FROOHFWLRQ�HIIRUWV�ZHUH�LQLWLDOO\�EDVHG�RQ�UHFRQQDLVVDQFH�PHWKRGV�DQG�WKH�JDWKHULQJ�RI

LQIRUPDWLRQ�IURP�D�YDULHW\�RI�VRXUFHV���7KH������1DWLRQDO�(URVLRQ�5HFRQQDLVVDQFH�6XUYH\�OHG�WR
SDVVDJH�RI�WKH�6RLO�&RQVHUYDWLRQ�$FW�RI�������ZKLFK�HVWDEOLVKHG�WKH�6RLO�&RQVHUYDWLRQ�6HUYLFH�DV�DQ

DJHQF\�RI�WKH�86'$���([LVWLQJ�UHVRXUFH�GDWD�ZHUH�DVVHPEOHG�DQG�DQDO\]HG�VWDUWLQJ�LQ������WR�SURYLGH

D�IRXQGDWLRQ�IRU�GHYHORSLQJ�SURJUDPV�DQG�VHWWLQJ�SULRULWLHV�IRU�FRQVHUYDWLRQ�DFWLYLWLHV�WKURXJKRXW�WKH

1DWLRQ�>86'$�����@���7KLV�VWXG\�EHFDPH�NQRZQ�DV�WKH������&RQVHUYDWLRQ�1HHGV�,QYHQWRU\�

��� 6XUYH\�6DPSOLQJ�0HWKRGRORJ\�,QWURGXFHG�LQ�WKH�����V�DQG�����V

,Q�������WKH�6RLO�&RQVHUYDWLRQ�6HUYLFH�ZDV�DVVLJQHG�UHVSRQVLELOLW\�WR�OHDG�D�FRRSHUDWLYH�HQGHDYRU�RI

HLJKW�)HGHUDO�DJULFXOWXUDO�DJHQFLHV�WR�GHYHORS�HVWLPDWHV�RI�WKH�PDJQLWXGH�DQG�XUJHQF\�RI�WKH�YDULRXV

FRQVHUYDWLRQ�PHDVXUHV�QHHGHG�WR�PDLQWDLQ�DQG�LPSURYH�WKH�FRXQWU\·V�SURGXFWLYH�FDSDFLW\

>86'$�����@���7KLV�VWXG\�ZDV�FDOOHG�WKH������1DWLRQDO�,QYHQWRU\�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ
1HHGV��DQG�LV�VRPHWLPHV�FDOOHG�WKH������&RQVHUYDWLRQ�1HHGV�,QYHQWRU\��&1,����$�SUREDELOLW\�VDPSOLQJ



���

DSSURDFK�XVLQJ�JHRJUDSKLFDO�VWUDWLILFDWLRQ�ZDV�GHYHORSHG��DQG�VDPSOHV�ZHUH�VHOHFWHG�E\�6WDWLVWLFDO

/DERUDWRULHV�DW�,RZD�6WDWH�DQG�&RUQHOO�8QLYHUVLWLHV���6DPSOLQJ�XQLWV�ZHUH�QRPLQDOO\�VTXDUH�DUHD

VHJPHQWV�UDQJLQJ�LQ�VL]H�IURP����WR�����DFUHV���'DWD�FROOHFWLRQ�FRQVLVWHG�RI�FRQVWUXFWLQJ�D�VHJPHQW

PDS�RXWOLQLQJ�VRLO�W\SH�DQG�ODQG�XVH��DFUHDJH�PHDVXUHPHQWV�PDGH�IURP�WKH�PDSV�ZHUH�H[SDQGHG�DQG

DGMXVWHG�WR�PDWFK�FRXQW\�LQYHQWRU\�DFUHDJHV���7RWDO�DFUHV�LQ�WKH�SRSXODWLRQ�RI�LQWHUHVW�ZHUH�VHW�E\

&RXQW\�,QYHQWRU\�&RPPLWWHHV�XVLQJ�&HQVXV�RI�$JULFXOWXUH�ODQG�DUHD�ILJXUHV�DV�EDVH�DFUHDJHV���$FUHV�RI

)HGHUDO�ODQG��ZDWHU�DUHDV��DQG�XUEDQ�DQG�EXLOW�XS�DUHDV�ZHUH�VXEWUDFWHG�IURP�&HQVXV�RI�$JULFXOWXUH

ODQG�DUHDV�WR�REWDLQ�WKH�VXUIDFH�DUHD�LQ�WKH�VWXG\�SRSXODWLRQ��WKLV�DFUHDJH�ILJXUH�LV�FDOOHG�WKH�´FRXQW\

EDVH�DFUHDJH�µ��$IWHU�HVWLPDWHV�IRU������ZHUH�ILQDOL]HG��WKH�UHVXOWV�ZHUH�XVHG�E\�WKH�&RXQW\�,QYHQWRU\

&RPPLWWHHV�WR�SUHGLFW������ODQG�XVH�DQG�FRQVHUYDWLRQ�WUHDWPHQW�QHHGV�

7KH�1DWLRQDO�,QYHQWRU\�RI�6RLO�DQG�:DWHU�&RQVHUYDWLRQ�1HHGV�������ZDV�FRQGXFWHG�SULPDULO\�WR�XSGDWH

WKH������GDWD���7R�IDFLOLWDWH�GDWD�FROOHFWLRQ�DQG�SURFHVVLQJ�ZKLOH�UHGXFLQJ�ILHOG�FRVWV��D�WZR�VWDJH

VDPSOH�GHVLJQ�ZDV�LPSOHPHQWHG���([FHSW�IRU�PLQRU�H[FHSWLRQV��WKH������&1,�VDPSOH�VHJPHQWV�ZHUH

WKH�SULPDU\�VDPSOLQJ�XQLWV��368V��DQG�SRLQWV�VHOHFWHG�ZLWKLQ�D�368�ZHUH�WKH�VHFRQG�VWDJH�XQLWV��

$ERXW����SRLQWV�ZHUH�VHOHFWHG�LQ�D�W\SLFDO�����DFUH�368�XVLQJ�D���GLPHQVLRQDO�V\VWHPDWLF�SDWWHUQ��

5DQGRPL]DWLRQ�ZDV�LQFRUSRUDWHG�LQWR�WKH�SRLQW�VHOHFWLRQ�SURFHVV�WKURXJK�WKH�VWDUW�SRLQW�DQG�RULHQWDWLRQ��

'DWD�FROOHFWLRQ�HQWDLOHG�GHWHUPLQLQJ�ODQG�XVH�DQG�VRLO�W\SH�IRU�HDFK�VDPSOH�SRLQW��DQG�LGHQWLI\LQJ

FRQVHUYDWLRQ�WUHDWPHQW�QHHGV�IRU�SRLQWV�FODVVLILHG�DV�FURSODQG��SDVWXUHODQG�RU�UDQJHODQG���$Q�H[SDQVLRQ

IDFWRU��RU�VDPSOLQJ�ZHLJKW��ZDV�GHYHORSHG�IRU�HDFK�SRLQW��DQG�DQ�HDV\�WR�XVH�WDEXODWLRQ�GDWD�VHW�ZDV

SURGXFHG���:HLJKWV�ZHUH�FRQWUROOHG�VR�WKDW�WKH\�VXPPHG�WR������´FRXQW\�EDVH�DFUHDJHVµ�XSGDWHG�WR

�������'LIIHUHQWLDO�VDPSOLQJ�UDWHV�ZHUH�XVHG�LQ�VRPH�ODUJH�FRXQWLHV�DQG�EDVH�DFUHV�ZHUH�HVWDEOLVKHG�IRU

WKH�VXEGLYLVLRQV�RI�WKH�FRXQW\�DVVRFLDWHG�ZLWK�WKH�GLIIHUHQW�UDWHV���,W�ZDV�SRVVLEOH�WR�HVWLPDWH�FKDQJHV�LQ

FURSODQG�DQG�RWKHU�ODQG�XVHV�EHWZHHQ������DQG��������+RZHYHU��EHFDXVH������ODQG�XVH�ZDV�QRW

LGHQWLILHG�IRU�WKH������VDPSOH�SRLQWV��WKH�VSHFLILF�G\QDPLFV�RI�FKDQJH��H�J���KRZ�PXFK�XUEDQ�JURZWK

RFFXUUHG�RQ�SULPH�IDUPODQG��ZHUH�QRW�GLUHFWO\�HVWLPDEOH�

7KH�3RWHQWLDO�&URSODQG�6WXG\�RI������ZDV�FRQGXFWHG�WR�GHWHUPLQH�WKH�TXDQWLW\��ORFDWLRQV��DQG

FKDUDFWHULVWLFV�RI�ODQGV�WKDW�FRXOG�EH�HDVLO\�FRQYHUWHG�IURP�QRQFURSODQG�WR�FURSODQG�XVHV���7KLV�VWXG\

ZDV�PRWLYDWHG�E\�LQFUHDVLQJ�ZRUOGZLGH�GHPDQGV�IRU�DJULFXOWXUDO�SURGXFWV���$�QDWLRQDO�OHYHO�VDPSOH

ZDV�HDVLO\�REWDLQHG�E\�VHOHFWLQJ�D�VXEVHW�RI�WKH������&1,�VDPSOH�SRLQWV���7KLV�VXEVDPSOH�ZDV

GHYHORSHG�E\�ILUVW�VHOHFWLQJ�D�VWUDWLILHG�VDPSOH�RI�����FRXQWLHV��VHOHFWLQJ�������368V�ZLWKLQ�WKHVH

FRXQWLHV��DQG�WKHQ�VHOHFWLQJ�HYHU\�IRXUWK�SRLQW���'DWD�FROOHFWHG�IRU�HDFK�VDPSOH�SRLQW�LQFOXGHG�ODQG�XVH

IRU�������IDFWRUV�DIIHFWLQJ�OLNHO\�FRQYHUVLRQ�WR�FURSODQG��LI�QRW�SUHVHQWO\�FURSSHG���D�VXEMHFWLYH�UDWLQJ

RI�SRWHQWLDO�FRQYHUVLRQ�WR�FURSODQG��DQG�GHVLJQDWLRQ�RI�SULPH�IDUPODQG�SRLQWV���6RLO�W\SH�DQG������ODQG

XVH�ZHUH�DYDLODEOH�IURP�WKH������&1,�

��� ,QLWLDWLRQ�RI�WKH�1DWLRQDO�5HVRXUFHV�,QYHQWRU\�3URJUDP

'HPDQGV�IRU�XS�WR�GDWH�LQIRUPDWLRQ�DQG�IRU�DGGLWLRQDO�LWHPV�UHODWHG�WR�VRLO�DQG�ZDWHU�UHVRXUFHV�OHG�WR

GHYHORSPHQW�RI�WKH������1DWLRQDO�5HVRXUFHV�,QYHQWRU\���1HZ�GDWD�HOHPHQWV�LQFOXGHG�ZDWHU�DQG�ZLQG

HURVLRQ��FRQVHUYDWLRQ�SUDFWLFHV��LQFLGHQFH�RI�ZHWODQGV��DQG�IORRGLQJ�SURSHQVLW\���$�VXEVDPSOH�RI

�������RI�WKH������&1,�368V�ZDV�XVHG��EXW�D�QHZ�VHW�RI�VDPSOH�SRLQWV�ZDV�VHOHFWHG���,Q�D�W\SLFDO

����DFUH�368��WKUHH�SRLQWV�ZHUH�VHOHFWHG���6RPH�GDWD�HOHPHQWV�ZHUH�FROOHFWHG�IRU�WKH�HQWLUH�368��ZKLOH

RWKHU�GDWD�LWHPV�ZHUH�FROOHFWHG�DW�HDFK�VDPSOH�SRLQW���7KH������15,�ZDV�RULJLQDOO\�FDOOHG�WKH�6&6
(URVLRQ�,QYHQWRU\�EHFDXVH��IRU�WKH�ILUVW�WLPH��WKHUH�ZDV�D�VFLHQWLILF�FROOHFWLRQ�RI�QDWLRQDO�TXDQWLWDWLYH

HURVLRQ�GDWD�EDVHG�XSRQ�WKH�8QLYHUVDO�6RLO�/RVV�(TXDWLRQ�DQG�WKH�:LQG�(URVLRQ�(TXDWLRQ���$�VHFRQG

SKDVH�ZDV�FRQGXFWHG�LQ������DQG������WR�VWXG\�HURVLRQ�RI�VWUHDP�EDQNV��FRQVWUXFWLRQ�DUHDV�DQG



���

URDGVLGHV���7KH������15,�LQWURGXFHG�D�QXPEHU�RI�QHZ�PHWKRGRORJLHV�DQG�LV�FRQVLGHUHG�WKH�VWDUWLQJ

SRLQW�IRU�WKH�FXUUHQW�15,�SURJUDP�

,Q�������WKH�15,�VDPSOH�VL]H�DQG�VFRSH�ZHUH�VLJQLILFDQWO\�H[SDQGHG�LQ�UHVSRQVH�WR�XVHU�QHHGV��WKLV

LQFOXGHG�DQ�LQFUHDVHG�GHPDQG�IRU�GDWD�HPSKDVL]LQJ�HQYLURQPHQWDO�DQG�HFRORJLFDO�FRQFHUQV���$GGLWLRQDO

GDWD�ZHUH�FROOHFWHG�RQ�VRLOV��LUULJDWLRQ�SUDFWLFHV��ZHWODQGV��ZLQGEUHDNV��ULSDULDQ�YHJHWDWLRQ��ZLOGOLIH

KDELWDW�GLYHUVLW\��FULWLFDO�HURGLQJ�DUHDV��DQG�PDQ\�IDFHWV�RI�YHJHWDWLYH�FRYHU���7KH�EDVH�VDPSOH�RI

��������368V�LQFOXGHG�DOO��������368V�XVHG�IRU�WKH������15,��DOWKRXJK�QHZ�VDPSOHV�ZHUH�VHOHFWHG

IRU�WKH����QRUWKHDVWHUQ�VWDWHV��FDUU\�RYHU�VDPSOHV�IRU�WKH�QRUWKHDVW�ZHUH�XVHG�IRU�FDOLEUDWLRQ�DQG�TXDOLW\

DVVXUDQFH���$Q�DGGLWLRQDO��������368V�ZHUH�VHOHFWHG�DQG�LQYHQWRULHG�LQ����VWDWHV�WR�DLG�LQ�VSHFLDO�ORFDO

VWXGLHV���0DQ\�IDU�UHDFKLQJ�GHFLVLRQV�ZHUH�EDVHG�XSRQ�WKH������15,�GDWD�EHFDXVH�RI�LWV

FRPSUHKHQVLYHQHVV�>*RHEHO�DQG�*HRUJH�����@��IRU�H[DPSOH��WKH�GDWD�ZHUH�XVHG�H[WHQVLYHO\�WR

IRUPXODWH�FRQVHUYDWLRQ�SURYLVLRQV�RI�WKH�)RRG�6HFXULW\�$FW�RI������DQG�WR�DQDO\]H�UHJLRQDO�HFRQRPLF

LPSDFWV���%HFDXVH�ODQG�XVH�GHILQLWLRQV�DQG�HURVLRQ�HVWLPDWLRQ�SURWRFROV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IRU

WKH������DQG������15,V��WKH������15,�QRZ�SOD\V�D�FUXFLDO�UROH�DV�WKH�LQLWLDO�WLPH�SRLQW�IRU�WKH

PRQLWRULQJ�FRQGXFWHG�LQ�PRUH�UHFHQW�LQYHQWRULHV�

7KH�VFRSH�DQG�VL]H�RI�WKH������15,�ZHUH�UHGXFHG�EHFDXVH�RI�VWDIILQJ�DQG�IXQGLQJ�FRQVWUDLQWV���7KH

VDPSOH�VL]H�RI���������368V�LQFOXGHG�������368V�WKDW�ZHUH�QRW�SDUW�RI�WKH������15,���7KH�QHZ�368V

ZHUH�DGGHG�LQ�����FRXQWLHV�ZKHUH�DQDO\VLV�VKRZHG�DXJPHQWDWLRQ�ZDV�QHHGHG��WKH�FDUU\�RYHU�368V

ZHUH�VHOHFWHG�XVLQJ�D�SRVW�VWUDWLILFDWLRQ�VXEVDPSOLQJ�SURFHGXUH�EDVHG�XSRQ�XUEDQL]DWLRQ��ZHWODQG

FRQYHUVLRQV��DQG�HURGLELOLW\�DV�HYLGHQFHG�LQ�WKH������15,���'DWD�FROOHFWLRQ�SURWRFROV��TXDOLW\

DVVXUDQFH��HVWLPDWLRQ�WHFKQLTXHV��DQG�GDWD�EDVH�FRQVWUXFWLRQ�ZHUH�DOO�GHVLJQHG�WR�HQVXUH�WKDW�WKH

�����15,�SURYLGHG�PHDQLQJIXO�DQG�OHJLWLPDWH�WUHQGLQJ�LQIRUPDWLRQ�

7KH�VL]H�DQG�VFRSH�RI�WKH������15,�ZHUH�FRPSDUDEOH�WR�WKRVH�RI�WKH������15,���7KHUH�ZDV�D�QHHG�WR

KDYH�VXIILFLHQW�GDWD�WR�WUDFN�SURJUHVV�UHODWLYH�WR�HURVLRQ�UHGXFWLRQ��ZHWODQG�SUHVHUYDWLRQ��DQG�RWKHU

FRQVHUYDWLRQ�SULRULWLHV�HVWDEOLVKHG�GXULQJ�WKH�����V��DV�ZHOO�DV�WR�DQDO\]H�RWKHU�QDWXUDO�UHVRXUFH�LVVXHV

VXFK�DV�ZDWHU�TXDOLW\�DQG�WKH�FRQVHTXHQFHV�RI�XUEDQ�JURZWK�RQ�SULPH�DQG�RWKHU�IDUPODQGV���6RPH�GDWD

HOHPHQWV�FROOHFWHG�IRU�WKH������DQG�RU������15,�ZHUH�GURSSHG�IRU�������DQG�D�IHZ�QHZ�LWHPV�ZHUH

DGGHG��KRZHYHU��GDWD�HOHPHQWV��GHILQLWLRQV��DQG�SURWRFROV�ZHUH�NHSW�DV�VLPLODU�DV�SRVVLEOH�EHFDXVH�WKH

PDLQ�REMHFWLYH�RI�WKH������15,�ZDV�WR�GHYHORS�D�WLPH�VHULHV�GDWD�EDVH�IRU�WKH�\HDUV�������������DQG

�����>.HOORJJ��7H6HOOH�DQG�*RHEHO�������86'$�����@���7KH������15,�FRQWDLQHG���������368V�DQG

��������VDPSOH�SRLQWV��LQFOXGHG�DUH�DOO�368V�WKDW�ZHUH�LQFOXGHG�LQ�WKH������15,�SOXV�������QHZ�368V

WKDW�ZHUH�DGGHG�WR�LQFUHDVH�VDPSOH�VL]HV�LQ�VSHFLILF�DUHDV���)RU�WKRVH�VDPSOH�XQLWV�LQFOXGHG�LQ�WKH�����

DQG������15,�EXW�QRW�VDPSOHG�LQ�������GDWD�ZHUH�FROOHFWHG�UHWURVSHFWLYHO\�XVLQJ�SKRWRLQWHUSUHWDWLRQ

DQG�UHPRWH�VHQVLQJ�PDWHULDOV��WR�WKH�H[WHQW�SRVVLEOH���,PSXWDWLRQ�SURFHGXUHV�ZHUH�XVHG�WR�FRPSOHWH�WKH

�����GDWD���7KH�VWDWLVWLFDO�HVWLPDWLRQ�SURFHGXUHV�ZHUH�TXLWH�FRPSOLFDWHG�EHFDXVH�WKLV�DQG�RWKHU

LPSXWDWLRQ�ZDV�HPSOR\HG��WKH�GDWD�VHW�FRQWDLQHG�WKUHH�SRLQWV�LQ�WLPH��DQG�WKHUH�ZHUH�QXPHURXV

´FRQWUROµ�ILJXUHV�WR�EH�LQFRUSRUDWHG���0DQ\�HIIRUWV�ZHUH�PDGH�WR�HQKDQFH�RU�FUHDWH�OLQNDJHV�WR�RWKHU

GDWD�EDVHV��WKLV�LQFOXGHG�GHYHORSPHQW�RI�WUDQVSDUHQW�OLQNDJHV�WR�WKH�DJHQF\·V�VRLO�FKDUDFWHULVWLFV�DQG

LQWHUSUHWDWLRQV�GDWD�EDVH��DQG�QXPHURXV�JHRVSDWLDO�OLQNDJHV�WKURXJK�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHPV�

'DWD�DUH�FXUUHQWO\�EHLQJ�FROOHFWHG�IRU�WKH������15,�IRU�WKH�VDPH�VDPSOH�VLWHV�DV�ZHUH�XVHG�IRU�WKH�����

15,���$�SULPDU\�IRFXV�RI�WKLV�ODWHVW�15,�LV�WR�HQKDQFH�WKH�WUHQGLQJ�GDWD�EDVH�HVWDEOLVKHG�IURP�WKH�����

15,�HIIRUWV��EXW�WKHUH�KDYH�EHHQ�VOLJKW�PRGLILFDWLRQV�WR�WKH�OLVW�RI�GDWD�HOHPHQWV���$OVR��PDQ\

RSHUDWLRQDO�IHDWXUHV�KDYH�EHHQ�PRGLILHG�EHFDXVH�RI�DJHQF\�UHRUJDQL]DWLRQ�DQG�WKH�QHHG�IRU�EHWWHU

FRVW�HIIHFWLYHQHVV���&RQFXUUHQWO\��WKHUH�KDYH�EHHQ�VSHFLDO�LQYHQWRULHV�FRQGXFWHG�GXULQJ������������DQG



���

������WKHVH�DUH�GLVFXVVHG�EULHIO\�LQ�6HFWLRQ�����RI�WKLV�SDSHU���)RUWKFRPLQJ�FKDQJHV�LQ�WKH�15,

SURJUDP�DUH�EULHIO\�GLVFXVVHG�LQ�6HFWLRQ���

�� &XUUHQW�6XUYH\�3URFHGXUHV

��� 2YHUYLHZ

7KH�REMHFWLYHV�RI�15&6�UHVRXUFH�LQYHQWRULHV�KDYH�H[SDQGHG�RYHU�WLPH��DV�WKH�IRFXV�RI�DJULFXOWXUDO

SROLF\�KDV�PRYHG�WRZDUG�D�EDODQFH�EHWZHHQ�VKRUW�WHUP�SURGXFWLRQ�JRDOV��ORQJ�WHUP�FDSDELOLWLHV��DQG

HQYLURQPHQWDO�TXDOLW\���6WDWLVWLFDO�WHFKQLTXHV�DQG�GDWD�FROOHFWLRQ�SURWRFROV�KDYH�HYROYHG�DV�LQYHQWRU\

JRDOV�KDYH�EHFRPH�EURDGHU�DQG�PRUH�VRSKLVWLFDWHG�

��� 15,�6DPSOH�'HVLJQ

7KH�QDWLRQDO�VDPSOH�LV�D�VWUDWLILHG�WZR�VWDJH�XQHTXDO�SUREDELOLW\�DUHD�VDPSOH�WKDW�FDQ�EH�PRGLILHG�IRU

VSHFLILF�QDWLRQDO�VXUYH\�REMHFWLYHV�DQG�XVHG�DV�D�IUDPH�IRU�VSHFLDO�VWXGLHV���6WUDWLILFDWLRQ�ZDV�GHYHORSHG

FRXQW\�E\�FRXQW\��XWLOL]LQJ�WKH�JULG�RI�VHFWLRQV�DQG�WRZQVKLSV�GHILQHG�E\�WKH�3XEOLF�/DQG�6XUYH\��3/6�

V\VWHP��ZKHUH�SRVVLEOH��D�VHFWLRQ�LV�D���PLOH�VTXDUH�VHJPHQW�RI�ODQG��DQG�D�WRZQVKLS�LV�D���PLOH�VTXDUH

DUHD�FRQVLVWLQJ�RI����VHFWLRQV���(DFK�WRZQVKLS�ZDV�VXEGLYLGHG�LQWR�WKUHH���PLOH�E\���PLOH�VWUDWD�IRU

VDPSOLQJ�SXUSRVHV����)RU�FRXQWLHV�QRW�FRYHUHG�E\�WKH�3/6�V\VWHP��VWUDWD�ZHUH�GHYHORSHG�HLWKHU�E\��

�D��XWLOL]LQJ�ODWLWXGH�DQG�ORQJLWXGH���E��XWLOL]LQJ�WKH�8QLYHUVDO�7UDQVYHUVH�0HUFDWRU�JULG�V\VWHP��RU

�F��VXSHULPSRVLQJ�OLQHV�DQDORJRXV�WR�WRZQVKLSV�DQG�VHFWLRQV�RYHU�D�FRXQW\�KLJKZD\�PDS����7ZR�VWDJH

DUHD�VDPSOHV�ZHUH�VHOHFWHG�ZLWKLQ�HDFK�VWUDWXP���7KH�ILUVW�VWDJH�VDPSOH�XQLW��RU�SULPDU\�VDPSOLQJ�XQLW

�368���ZDV�DQ�DUHD�RI�ODQG��DW�WKH�VHFRQG�VWDJH�RI�VDPSOLQJ��RQH�RU�PRUH�VDPSOH�SRLQWV�ZHUH�VHOHFWHG

ZLWKLQ�HDFK�VDPSOH�368�IRU�REVHUYDWLRQ���0RVW�368V�FRUUHVSRQGHG�WR�TXDUWHU�VHFWLRQV�DQG�ZHUH

KDOI�PLOH�VTXDUHV��WKUHH�VDPSOH�SRLQWV�ZHUH�VHOHFWHG�ZLWKLQ�PRVW�368V���6DPSOLQJ�UDWHV�YDULHG�DFURVV

VWUDWD��W\SLFDOO\�EHLQJ�EHWZHHQ���SHUFHQW�DQG���SHUFHQW���7KHUH�DUH�LQVWDQFHV�WKURXJKRXW�WKH�8�6��ZKHUH

FRPSRQHQWV�RI�WKH�VDPSOH�GHVLJQ�GHYLDWH�IURP�WKHVH�VWDQGDUG�UXOHV���1XVVHU�DQG�*RHEHO�>����@�

*RHEHO�DQG�%DNHU�>����@��DQG�*RHEHO��5HLVHU�DQG�+LFNPDQ�>����@�SURYLGH�PRUH�GHWDLOV�RQ�WKH

VSHFLILFV�RI�WKH�VDPSOLQJ�GHVLJQ��DQG�RQ�KLVWRULFDO�SHUVSHFWLYHV�

([SHULHQFH�KDV�VKRZQ�WKDW�LW�LV�QHFHVVDU\�WR�UHWXUQ�WR�VSHFLILF�VDPSOH�SRLQWV�WKDW�ZHUH�LQ�SUHYLRXV

LQYHQWRULHV�LQ�RUGHU�WR�REWDLQ�QHHGHG�GDWD�RQ�WKH�G\QDPLFV�RI�FKDQJH�LQ�ODQG�XVH�DQG�YDULRXV�QDWXUDO

UHVRXUFH�SDUDPHWHUV���7KH�QDWLRQDO�IUDPHZRUN�VDPSOH�KDV�FRQVLVWHG�RI�DSSUR[LPDWHO\���������368V

DQG���������VDPSOH�SRLQWV�IRU�WKH������DQG������1DWLRQDO�5HVRXUFHV�,QYHQWRULHV��DOPRVW�DOO�RI�WKHVH

ZHUH�DOVR�SDUW�RI�WKH������15,�

��� 'DWD�&ROOHFWLRQ

7KH�SULPDU\�VXUYH\�LV�FXUUHQWO\�FRQGXFWHG�HYHU\�ILYH�\HDUV��EXW�WKHUH�KDV�DOVR�EHHQ�D�VHULHV�RI�VSHFLDO

LQYHQWRULHV�WKDW�KDYH�XWLOL]HG�WKH�QDWLRQDO�VDPSOH�DV�D�IUDPH�IRU�D�VSHFLDO�WRSLF�VWXG\���6RPH�RI�WKHVH

ZHUH�FRQGXFWHG�DV�SDUW�RI�WKH�FRPSUHKHQVLYH�QDWLRQDO�VXUYH\�DQG�VHYHUDO�DV�DQ�LQGHSHQGHQW�VWXG\

FRQGXFWHG�GXULQJ�DQ�LQWHULP�\HDU���7KH�ILUVW�ZDV�WKH������3RWHQWLDO�&URSODQG�6WXG\��ZKLFK�ZDV
GHVLJQHG�WR�GHWHUPLQH�WKH�SRWHQWLDO�IRU�FRQYHUWLQJ�ODQG�LQ�RWKHU�XVHV�WR�FURSODQG�LQ�RUGHU�WR�PHHW

LQFUHDVLQJ�GHPDQGV�IRU�DJULFXOWXUDO�SURGXFWV��DV�ZHOO�DV�WR�VWXG\�SUREOHPV�UHODWHG�WR�GHYHORSLQJ�WKHVH

ODQGV�IRU�FURS�SURGXFWLRQ�DQG�WKH�HIIHFWV�RI�XUEDQ�GHYHORSPHQW�RQ�VRPH�RI�WKH�1DWLRQ·V�EHVW�FURSODQG��

,Q�WKH�HDUO\�����V��WKLV�WHFKQLTXH�ZDV�XVHG�IRU�VSHFLDO�VWXGLHV�GHVLJQHG�WR�HVWLPDWH�FKDQJHV�LQ�ZHWODQG

VWDWXV��WR�LQYHVWLJDWH�SHVWLFLGH�XVDJH�LQ�UHODWLRQ�WR�DJULFXOWXUH�SUDFWLFHV�DQG�ZDWHU�TXDOLW\��WR�DVVHVV

UDQJHODQG�FRQGLWLRQV�DQG�WUHQGV��DQG�WR�VWXG\�FRQVHUYDWLRQ�WLOODJH�SUDFWLFHV���7KH�PRVW�UHFHQW�LQWHULP



���

\HDU�VWXGLHV�KDYH�EHHQ�WKH������6SHFLDO�15,�6WXG\�DQG�WKH������6SHFLDO�15,�6WXG\��WKHVH�WZR�VSHFLDO

VWXGLHV�ZHUH�FRQGXFWHG�XVLQJ�VSHFLDO�LPDJHU\�LQ�RUGHU�WR�LQYHVWLJDWH�HIIHFWV�RI�WKH�)HGHUDO�$JULFXOWXUDO

,PSURYHPHQW�DQG�5HIRUP�$FW�RI������DQG�KLJK�FRPPRGLW\�SULFHV�RQ�FRQVHUYDWLRQ�SUDFWLFHV�DQG

FURSSLQJ�SDWWHUQV���7KLV�VHULHV�RI�VSHFLDO�VWXGLHV�ZLOO�FRQWLQXH�IRU�VHYHUDO�PRUH�\HDUV��WKH�������368V

FRQWDLQHG�LQ�WKH�VWXG\�ZLOO�EH�DQDO\]HG�LQWHQVHO\�WR�LQYHVWLJDWH�SURJUHVV�EHLQJ�PDGH�UHJDUGLQJ�VHYHUDO

FRQVHUYDWLRQ�LQLWLDWLYHV���$OVR��15&6�KDG�FRQGXFWHG�D������15,�(URVLRQ�8SGDWH�6WXG\�WR�ORRN�DW

FKDQJHV�RFFXUULQJ�EHWZHHQ������DQG�������ZLWK�PDLQ�HPSKDVLV�RQ�SURJUHVV�PDGH�WRZDUG�HURVLRQ

UHGXFWLRQ�JRDOV�

'DWD�FROOHFWLRQ�IRU�WKH�15,�LV�QRZ�KDQGOHG�E\�PXOWLGLVFLSOLQDU\�WHDPV�WKDW�UHO\�PRVWO\�RQ

SKRWRLQWHUSUHWDWLRQ�WHFKQLTXHV��LQFOXGLQJ�WKH�XVH�RI�FRXQW\�RIILFH�UHFRUGV�DQG�QXPHURXV�RWKHU�DQFLOODU\

PDWHULDOV���PRVW�GDWD�FROOHFWLRQ�WHDPV�QRZ�KDYH�PXOWLSOH�VWDWH�UHVSRQVLELOLWLHV���$OO�VDPSOH�VLWHV�ZHUH

ILHOG�YLVLWHG�IRU�WKH������15,��EXW�RQO\�RQH�IRXUWK�ZHUH�ILHOG�YLVLWHG�LQ�������IRU�WKH������15,��OHVV

WKDQ����SHUFHQW�ZLOO�EH�ILHOG�YLVLWHG���,Q�OLHX�RI�ILHOG�YLVLWV��GDWD�FROOHFWLRQ�VSHFLDOLVWV�XVH�DHULDO

SKRWRJUDSK\�DQG�RWKHU�UHPRWH�VHQVLQJ�PDWHULDOV��FRXQW\�RIILFH�UHFRUGV��VRLO�VXUYH\�PDSV��DQG�PDQ\

RWKHU�DQFLOODU\�PDWHULDOV���7KH�GDWD�JDWKHUHUV�DUH�UHVSRQVLEOH�IRU�D�WKRURXJK�HGLW�DQG�YHULILFDWLRQ�RI�DOO

SUHYLRXVO\�JDWKHUHG�GDWD�WR�HQVXUH�WKDW�\HDU�WR�\HDU�GLIIHUHQFHV�UHIOHFW�DFWXDO�FKDQJHV�LQ�WKH�UHVRXUFH

FRQGLWLRQV�UDWKHU�WKDQ�GLIIHUHQFHV�LQ�WKH�SHUVSHFWLYHV�RI�WZR�GLIIHUHQW�VSHFLDOLVWV�RU�FKDQJHV�LQ

WHFKQRORJLHV�DQG�SURWRFROV���0DQ\�HGLWLQJ�SURFHGXUHV�DQG�RWKHU�TXDOLW\�DVVXUDQFH�SURFHGXUHV�DUH

XWLOL]HG���7KH������15,�LV�HPSOR\LQJ�QHZ�GDWD�KDQGOLQJ�DQG�WHOHFRPPXQLFDWLRQV�WHFKQRORJLHV�IHDWXULQJ

SHUVRQDO�GLJLWDO�DVVLVWDQWV�DQG�D�KRVW�GDWD�EDVH�VHUYHU��DW�,RZD�6WDWH�8QLYHUVLW\��WKDW�ZLOO�VXEVWDQWLDOO\

HQKDQFH�TXDOLW\��HIILFLHQF\��DQG�WLPHOLQHVV�IRU�GDWD�FROOHFWLRQ�>1XVVHU��7KRPSVRQ�DQG�'HOR]LHU�����@�

0RVW�GDWD�HOHPHQWV��YDULDEOHV��DUH�FROOHFWHG�DW�WKH�VDPSOH�SRLQWV��WKHUH�DUH�VRPH�LWHPV�FROOHFWHG�IRU�WKH

HQWLUH�368���7KHUH�LV�DOVR�D�WKLUG�W\SH�RI�GDWD��FDOOHG�´&RXQW\�%DVH�'DWDµ��WKDW�DUH�FROOHFWHG�RQ�D

����SHUFHQW�RU�FHQVXV�EDVLV�UDWKHU�WKDQ�MXVW�IRU�VDPSOH�VLWHV��WKHVH�GDWD�DUH�XVHG�DV�FRQWURO�WRWDOV�LQ�WKH

VWDWLVWLFDO�ZHLJKWLQJ�SURFHGXUHV��DQG�DUH�QRZ�REWDLQHG�YLD�*,6�WHFKQLTXHV�>1XVVHU�DQG�*RHEHO�����@�

,QIRUPDWLRQ�FRQWDLQHG�LQ�WKH�15,�LQFOXGHV�

& 6RLO�FKDUDFWHULVWLFV�DQG�LQWHUSUHWDWLRQV��VXFK�DV�VORSH��GHSWK��ODQG�FDSDELOLW\�FODVV�VXEFODVV�

SULPH�IDUPODQG��VDOLQLW\�RU�DFLGLW\��IORRGLQJ�IUHTXHQF\��

& (DUWK�FRYHU��VXFK�DV�WUHHV��VKUXE��JUDVV��

& /DQG�FRYHU�DQG�XVH��VXFK�DV�FURS�W\SH��JUD]LQJ��UHFUHDWLRQ��

& (URVLRQ��VXFK�DV�VKHHW�DQG�ULOO��ZLQG��

& /DQG�WUHDWPHQW��VXFK�DV�FRQVHUYDWLRQ�WLOODJH��LUULJDWLRQ��ZLQGEUHDNV��

& 9HJHWDWLYH�FRQGLWLRQV��VXFK�DV�UDQJH�FRQGLWLRQ�DQG�VSHFLHV��ZHWODQGV��

& &RQVHUYDWLRQ�WUHDWPHQW�QHHGV��VXFK�DV�HURVLRQ�FRQWURO��LUULJDWLRQ�PDQDJHPHQW��IRUDJH

LPSURYHPHQW��

& 3RWHQWLDO�IRU�FURSODQG�FRQYHUVLRQ�

& ([WHQW�RI�XUEDQ�ODQG�

& +DELWDW�GLYHUVLW\��DQG

& &RYHU�PDLQWDLQHG�XQGHU�WKH�&RQVHUYDWLRQ�5HVHUYH�3URJUDP��ZKHUH�DSSOLFDEOH�



���

,Q�DGGLWLRQ��WKH�15,�LV�OLQNHG�WR�15&6·V�H[WHQVLYH�6RLO�,QWHUSUHWDWLRQV�GDWD�EDVH��DQG�GDWD�IURP�RWKHU

VRXUFHV�FDQ�EH�LQWHJUDWHG�ZLWK�WKH�15,�WKURXJK�JHRVSDWLDO�OLQNDJHV���7KLV�FRQFHSW�LV�GLVFXVVHG�EULHIO\�LQ

WKH�QH[W�VHFWLRQ�LQ�WKH�FRQWH[W�RI�VLPXODWLRQ�PRGHOLQJ�EDVHG�XSRQ�WKH�15,�

4XDOLW\�DVVXUDQFH�JRDOV�DQG�SURFHGXUHV�FDQ�EH�IRXQG�LQ������1DWLRQDO�5HVRXUFHV�,QYHQWRU\�4XDOLW\
$VVXUDQFH�3ODQ��ZKLFK�LV�ORFDWHG�RQ�WKH�,QWHUQHW�DW�ZZZ�IWZ�QUFV�XVGD�JRY�QUL�RWKHUBPDWO�KWPO���$
4XDOLW\�(YDOXDWLRQ�6WXG\�ZLOO�EH�FRQGXFWHG��VR�WKDW�GDWD�XVHUV�FDQ�EH�SURYLGHG�LQIRUPDWLRQ�RQ�WKH

TXDOLW\�RI�15,�GDWD���2QH�IDFHW�ZLOO�EH�WR�FRQGXFW�DQ�LQGHSHQGHQW�UHSOLFDWLRQ�RI�GDWD�FROOHFWLRQ�RQ�D

VXEVDPSOH�RI�������368V��RXW�RI�WKH�RULJLQDO�VDPSOH���WR�REWDLQ�VWDWLVWLFDO�GHVFULSWLRQV�RI�WKH�YDULDELOLW\

DVVRFLDWHG�ZLWK�WKH�GDWD�FROOHFWLRQ�SURFHVV���$�VHFRQG�IDFHW�ZLOO�EH�WKH�FROOHFWLRQ�RI�DGGLWLRQDO�GDWD�RQ

������RI�WKH�368V�LQ�RUGHU�WR�HYDOXDWH�SURWRFROV�DQG�WHVW�DOWHUQDWLYH�PHDVXUHV�WKDW�PD\�EH�XVHG�LQ

IXWXUH�LQYHQWRU\�RSHUDWLRQV���)UDQFLVFR�>����@�GHVFULEHV�RSHUDWLRQDO�SURFHGXUHV�DQG�ILQGLQJV�IRU�D

TXDOLW\�HYDOXDWLRQ�VWXG\�RI�WKH������15,�

��� 6WDWLVWLFDO�(VWLPDWLRQ�7HFKQLTXHV

6WDWLVWLFDO�HVWLPDWLRQ�IRU�WKH�15,�LV�GLVFXVVHG�E\�1XVVHU�DQG�*RHEHO�>����@��*RHEHO��5HLVHU�DQG

+LFNPDQ�>����@��*RHEHO�DQG�%DNHU�>����@��DQG�1XVVHU��%UHLGW�DQG�)XOOHU�>����@���6WDWLVWLFDO

SURFHGXUHV�DUH�XVHG�WR�LPSXWH�PLVVLQJ�GDWD�IRU�VDPSOH�XQLWV�QRW�REVHUYHG�LQ������DQG�IRU�WKRVH�QHZ�WR

WKH�VDPSOH�LQ������DQG�RU��������,PSXWDWLRQ�LV�DOVR�XVHG�WR�JHQHUDWH�´SVHXGR�SRLQWVµ�WKDW�DUH�QHHGHG�WR

WUDQVIHU�WKH�368�DQG�&RXQW\�%DVH�'DWD�WR�SRLQW�OHYHO�GDWD�>%UHLGW��0F9H\�DQG�)XOOHU�����@���6PDOO

DUHD�HVWLPDWLRQ�WHFKQLTXHV�DUH�XVHG�WR�FRQVWUXFW�PRGHO�EDVHG�HVWLPDWHV�IRU�XUEDQ�DQG�EXLOW�XS�DFUHDJHV��

7KRXVDQGV�RI�´FRQWUROVµ�DUH�LQFRUSRUDWHG�LQWR�WKH�FRQVWUXFWLRQ�RI�WKH�ZHLJKWV���7KH�ILQDO�VHW�RI�ZHLJKWV

LV�FRQVWUXFWHG�XVLQJ�D�VHTXHQWLDO�UDWLR�HVWLPDWLRQ�SURFHGXUH��HDFK�VDPSOH�SRLQW�UHFHLYHV�RQH�ZHLJKW�WKDW

LV�XVHG�IRU�DOO�DQDO\VHV�

�� 8WLOL]DWLRQ�RI�15,�,QIRUPDWLRQ�IRU�0RGHOLQJ�DQG�3ROLF\�'HYHORSPHQW

��� 2YHUYLHZ

3URSHU�DVVHVVPHQW�RI�WKH�1DWLRQ·V�QDWXUDO�UHVRXUFHV�LV�QRW�IHDVLEOH�ZLWKRXW�SURSHU�GDWD���7KH�15,�GDWD

EDVH�KDV�EHHQ�GHVLJQHG��GHYHORSHG�DQG�DVVHPEOHG�ZLWK�WKH�VSHFLILF�JRDO�RI�VXSSRUWLQJ�SROLF\

GHYHORSPHQW�DQG�SURJUDP�LPSOHPHQWDWLRQ���1DWXUDO�UHVRXUFH�DQG�HQYLURQPHQWDO�LVVXHV�DUH�WHPSRUDO

DQG�JHRVSDWLDO�LQ�QDWXUH��DQG�WKH�GDWD�EDVH�LV�D�XQLTXH�VRXUFH�RI�LQIRUPDWLRQ�WKDW�SURYLGHV�DQDO\VWV�D

PHDQV�WR�SURSHUO\�VWXG\�WKHVH�LVVXHV�

7R�FUHGLEO\�VWXG\�WKHVH�LVVXHV��WKH�GDWD�EDVH�PXVW�EH�RI�KLJK�TXDOLW\��VWDWLVWLFDOO\�GHIHQVLEOH

�L�H��WHFKQLTXHV�FDUHIXOO\�GHYHORSHG�DQG�DFFHSWHG�E\�WKH�VFLHQWLILF�FRPPXQLW\���DQG�FRQVWUXFWHG�LQ�D

PDQQHU�WKDW�IDFLOLWDWHV�DVVHVVPHQW�DQG�DQDO\VLV���6HFWLRQV���DQG���RI�WKLV�SDSHU�KDYH�SUHVHQWHG�DQ

RYHUYLHZ�RI�15,�VWDWLVWLFDO�GHVLJQ�DQG�RSHUDWLRQV���0DQ\�RWKHU�FRQVLGHUDWLRQV�KDYH�JRQH�LQWR

GHYHORSPHQW�RI�WKH�15,�GDWD�EDVH��WKH�H[SHULHQFHV�RI�DQDO\VWV�DQG�RWKHU�GDWD�XVHUV�RYHU�WKH�SDVW

GHFDGHV�KDYH�VWURQJO\�LQIOXHQFHG�WKH�GHVLJQ�DQG�IRUPDW�RI�WKH�FXUUHQW�15,�GDWD�EDVH�

7KH�15,�GDWD�EDVH�FRQWDLQV�PLOOLRQV�RI�SLHFHV�RI�LQIRUPDWLRQ���,W�FDQ�VHUYH�DV�WKH�IRXQGDWLRQ�IRU

LQVSHFWLRQ�DQG�DQDO\VLV�RI�WKH�FRQGLWLRQ�RI�RXU�1DWLRQ·V�QDWXUDO�UHVRXUFHV���,W�LQGLFDWHV��IRU�H[DPSOH�

KRZ�RXU�1DWLRQ·V�QRQ�)HGHUDO�ODQGV�DUH�EHLQJ�XVHG��ZKDW�FRQGLWLRQ�WKH�UHVRXUFHV�DUH�LQ��DQG�KRZ

SDWWHUQV�KDYH�FKDQJHG�RYHU�WLPH���7KH�GDWD�EDVH�FDQ�VHUYH�DV�D�SRZHUIXO�DQG�XQLTXH�WRRO�³�LW�FDQ�VHUYH

DV�WKH�EDVLV�IRU�YDOXDEOH�VSDWLDO�DQG�WHPSRUDO�DQDO\VLV��ZKHWKHU�XVHG�LQ�FRQMXQFWLRQ�ZLWK�RWKHU�GDWD

EDVHV�RU�E\�LWVHOI�³�DQG�LW�LV�LQYDOXDEOH�ZKHQ�VWXG\LQJ�ODQG�XVH�DQG�QDWXUDO�UHVRXUFH�SROLF\�LVVXHV�



���

0DQ\�IDFWRUV�JRLQJ�LQWR�FRQVWUXFWLRQ�RI�WKH�15,�GDWD�EDVH�GHDO�ZLWK�WKH�LVVXH�RI�KDYLQJ�DQ�HDV\�WR�XVH

GDWD�EDVH��WKHVH�DUH�LQ�DGGLWLRQ�WR�TXDOLW\�DQG�FUHGLELOLW\�LVVXHV�SUHYLRXVO\�PHQWLRQHG���7KH�15,

SURJUDP�ZRXOG�QRW�EH�ZRUWKZKLOH�LI�WKH�GDWD�DUH�QRW�EHLQJ�XVHG�E\�D�ODUJH�DQG�YDULHG�QXPEHU�RI

LQGLYLGXDOV��XQLWV�DQG�DJHQFLHV���7KH�GDWD�EDVH�PXVW�FRQWDLQ�UHOHYDQW�TXDOLW\�GDWD��PXVW�EH�UHDGLO\

DFFHVVLEOH��DQG�PXVW�EH�FRQVWUXFWHG�LQ�D�PDQQHU�WKDW�HQFRXUDJHV�LWV�XWLOL]DWLRQ�

$Q�LPSRUWDQW�IHDWXUH�RI�WKH�15,�GDWD�EDVH�LV�WKDW�DOO�GDWD�DUH�SXW�LQWR�RQH�HDV\�WR�XVH�IRUPDW��ZKLFK�LV

UHIHUUHG�WR�DV�SRLQW�W\SH�LQIRUPDWLRQ��WKLV�IDFLOLWDWHV�PDQLSXODWLRQ�RI�WKH�GDWD�³�IRU�H[DPSOH��GDWD�DUH

HDVLO\�DFFHVVHG�WKURXJK�PRVW�VWDWLVWLFDO�DQG�GDWD�EDVH�PDQDJHPHQW�FRPSXWHU�SDFNDJHV���7KH�GDWD�DUH

PXOWL�UHVRXUFH�RU�PXOWLYDULDWH��FRYHULQJ�PDQ\�WKHPHV�DQG�IDFHWV��LW�LV�PXFK�HDVLHU�WR�KDYH�SURSHUO\

FRUUHODWHG�GDWD�IRU�VSHFLILF�SRLQW�VDPSOHV�WKDQ�IRU�EURDGHU�VDPSOH�XQLWV���7KH�15,�GDWD�EDVH�LV

FRPSOHWH��LW�LV�IXOO\�SRSXODWHG�DQG�FRQWDLQV�QR�PLVVLQJ�YDOXHV��ZKLFK�LV�QRW�WKH�FDVH�IRU�PDQ\�RWKHU

GDWD�EDVHV�³�VWDWLVWLFDO�LPSXWDWLRQ�SURFHGXUHV�DUH�XVHG�IRU�WKH�15,�>1XVVHU�DQG�*RHEHO������

%UHLGW�HW�DO������@���'DWD�EDVH�FRQVWUXFWLRQ�DQG�GDWD�FROOHFWLRQ�SURFHGXUHV�DUH�GHVLJQHG�WR�HQVXUH�WKDW

HDFK�QHZ�15,�GDWD�EDVH�FRQWDLQV�GDWD�WKDW�DUH�FRQVLVWHQW�RYHU�WLPH��VR�WKDW�OHJLWLPDWH�WHPSRUDO�DQDO\VHV

FDQ�EH�SHUIRUPHG��DV�PHQWLRQHG�SUHYLRXVO\��GDWD�FROOHFWHG�GXULQJ�SUHYLRXV�LQYHQWRULHV�DUH�XSGDWHG�IRU

HDFK�QHZ�LQYHQWRU\�WR�UHIOHFW�FXUUHQW�WHFKQLFDO�FULWHULD�DQG�SURWRFROV���7KH�15,�GDWD�EDVH�FRQWDLQV

OLQNDJHV�WR�15&6·V�H[WHQVLYH�VRLO�LQWHUSUHWDWLRQV�GDWD�EDVH�DQG�WR�RWKHU�GDWD�EDVHV��PDQ\�OLQNDJHV�FDQ

EH�PDGH�JHRJUDSKLFDOO\��VSDWLDOO\���ZKLOH�RWKHUV�FDQ�EH�PDGH�XVLQJ�YDULRXV�GDWD�WKHPHV��IRU�H[DPSOH�

ODQG�FRYHU�XVH�RU�IRUHVW�FRYHU�W\SH�

7KH�15,�KDV�EHHQ�GHVLJQHG�DQG�GHYHORSHG�DV�D�PHDQV�WR�LQYHVWLJDWH�VWDWXV�DQG�WUHQGV�RI�QDWXUDO

UHVRXUFH�FRQGLWLRQV�LQ�WKH�8�6���15,�GDWD�FDQ�EH�XVHG�LQ�PDQ\�ZD\V�DQG�FRPELQHG�ZLWK�RWKHU�W\SHV�RI

GDWD�WR�KHOS�LQIRUP�SROLF\PDNHUV�DQG�WKH�SXEOLF�DERXW�WKHVH�FRQGLWLRQV��WR�VXSSRUW�GHYHORSPHQW�RI�DJUL�

HQYLURQPHQWDO�SROLFLHV��DQG�WR�JXLGH�FRQVHUYDWLRQ�SURJUDP�LPSOHPHQWDWLRQ���7KH�EUHDGWK�RI�DQDO\VLV

SRVVLEOH�XWLOL]LQJ�15,�GDWD�LV�QRW�GLVFXVVHG�KHUH���5DWKHU��ZH�SUHVHQW�MXVW�D�IHZ�EDVLF�ILQGLQJV�IURP�WKH

�����15,�DQG�JLYH�VRPH�LQGLFDWLRQ�RI�WKH�YDOXH�RI�15,�DV�D�IUDPHZRUN�IRU�VLPXODWLRQ�PRGHOLQJ�

��� )LQGLQJV

15,�GDWD�KDYH�EHHQ�XVHG�H[WHQVLYHO\�IRU�QHDUO\�WZR�GHFDGHV�LQ�QDWLRQDO��UHJLRQDO�DQG�ORFDO�SODQQLQJ��LQ

XQLYHUVLW\�UHVHDUFK��DQG�IRU�SULYDWH�VHFWRU�DQDO\VLV���7KH�GDWD�KDYH�KHOSHG�VKDSH�PDMRU�HQYLURQPHQWDO

DQG�ODQG�XVH�GHFLVLRQV���15,�GDWD�IRUP�WKH�EDVLV�IRU�IDUP��FRQVHUYDWLRQ�DQG�QDWXUDO�UHVRXUFH�OHJLVODWLRQ

DW�WKH�VWDWH�DQG�QDWLRQDO�OHYHOV���7KH�8�6��'HSDUWPHQW�RI�$JULFXOWXUH��DQG�RWKHU�DJHQFLHV��XVHV�15,

GDWD�WR�DVVHVV�FXUUHQW�DQG�IXWXUH�LPSDFWV�RI�DJULFXOWXUDO�FRQVHUYDWLRQ�SURJUDPV�DQG�WR�KHOS�GLUHFW

QDWLRQDO�FRQVHUYDWLRQ�SURJUDPV�

,Q�UHFHQW�\HDUV��15,�GDWD�KDYH�EHHQ�XVHG�WR�HGXFDWH�DQG�LQIRUP�PDQ\�VHJPHQWV�RI�WKH�$PHULFDQ

SXEOLF���0DQ\�PDSV��JUDSKLFV�DQG�WDEOHV�RI�GDWD�KDYH�EHHQ�PDGH�DFFHVVLEOH�WKURXJK�WKH�,QWHUQHW�

QXPHURXV�JUDSKLFV�ZLWK�VKRUW�QDUUDWLYHV�ZHUH�SUHSDUHG�DQG�UHOHDVHG�WR�WKRXVDQGV�RI�QHZVSDSHUV�DQG�WR

YDULRXV�RWKHU�PHGLD�JURXSV���$�KLJKOLJKW�RI�WKLV�LQIRUPDWLRQ�GHOLYHU\�SURFHVV�ZDV�WKH�SXEOLFDWLRQ�RI

$PHULFD·V�3ULYDWH�/DQG���$�*HRJUDSK\�RI�+RSH�>86'$�����@���7KLV�SXEOLFDWLRQ�GLVFXVVHV�D�YDULHW\�RI
UHVRXUFH�LVVXHV�LQ�GHSWK��DVVHVVHV�DFFRPSOLVKPHQWV�RI�$PHULFD·V�IDUPHUV�DQG�UDQFKHUV��DQG�SUHVHQWV�WKH

FKDOOHQJH�RI�PDLQWDLQLQJ�WKH�KHDOWK�RI�WKH�1DWLRQ·V�SULYDWHO\�RZQHG�ODQG�RYHU�WKH�QH[W����\HDUV���,W�LV

DYDLODEOH�RQ�WKH�,QWHUQHW�DW�ZZZ�QUFV�XVGD�JRY�&&6�&+RSH+LW�KWPO�

/DQG�XVH�DQG�ODQG�XVH�FKDQJH�DUH�WZR�RI�WKH�EDVLF�HOHPHQWV�QHHGHG�LQ�LQYHVWLJDWLQJ�PDQ\�QDWXUDO

UHVRXUFH�DQG�FRQVHUYDWLRQ�LVVXHV���7KHUH�DUH�DSSUR[LPDWHO\�HTXDO�DPRXQWV��DERXW����SHUFHQW�HDFK��RI

FURSODQG��QRQ�)HGHUDO�UDQJHODQG��QRQ�)HGHUDO�IRUHVW�ODQG��DQG�)HGHUDO�ODQGV��WKH�UHPDLQLQJ�DUHD



���

FRQVLVWV�RI�SDVWXUHODQG��GHYHORSHG�ODQG��ZDWHU�DUHDV��DQG�YDULRXV�PLVFHOODQHRXV�UXUDO�DUHDV���0DSV

SURYLGH�D�SDUWLDO�SHUVSHFWLYH��LQ�D�VSDWLDO�FRQWH[W��RI�KRZ�ODQG�LV�XVHG�LQ�WKH�8�6��>86'$�����@��

1XPHURXV�PDSV�VKRZLQJ�ODQG�FRYHU�XVH�DUH�DFFHVVLEOH�RQ�WKH�,QWHUQHW�DW

ZZZ�QKT�QUFV�XVGD�JRY�ODQG�LQGH[�FRYHUBXVH�KWPO���)RUHVW�ODQG�SUHGRPLQDWHV�LQ�WKH�HDVWHUQ�KDOI�RI�WKH

FRXQWU\��H[FHSW�IRU�WKRVH�DUHDV�LQ�WKH�FHQWHU�RI�WKH�FRXQWU\�ZKHUH�FURSODQG�LV�FRQFHQWUDWHG���5DQJHODQG

DQG�)HGHUDO�ODQGV�PDNH�XS�PRVW�RI�WKH�ZHVWHUQ�KDOI�RI�WKH�FRXQWU\��ZKLFK�LV�FKDUDFWHUL]HG��LQ�JHQHUDO�

E\�ORZHU�UDLQIDOO��PRUH�PRXQWDLQRXV�WHUUDLQ��DQG�VRLOV�OHVV�VXLWDEOH�WR�FXOWLYDWLRQ���/DQG�XVH�FKDQJHV

IRU�WKH�SHULRG������WR������DUH�SUHVHQWHG�LQ�6XPPDU\�5HSRUW�������1DWLRQDO�5HVRXUFHV�,QYHQWRU\
>86'$�����@��DQG�GLVFXVVHG�E\�.HOORJJ��7H6HOOH�DQG�*RHEHO�>����@���/DQG�XVH�WUHQGV��IRU�H[DPSOH�

XUEDQL]DWLRQ��DUH�LPSRUWDQW�WR�FRQVLGHU�LQ�JHRVSDWLDO�DQDO\VHV�RI�DJUL�HQYLURQPHQWDO�LVVXHV�

/DQG�XVH�LQIRUPDWLRQ�FRXSOHG�ZLWK�GHWDLOHG�VRLOV�LQIRUPDWLRQ�LV�LQYDOXDEOH�WR�DQDO\VLV�RI�DJUL�

HQYLURQPHQWDO�SROLF\�LVVXHV���15,�VDPSOH�GDWD�DUH�OLQNHG�WR�DQ�H[WHQVLYH�15&6�6RLO�,QWHUSUHWDWLRQ

5HFRUGV�GDWD�EDVH��ZKLFK�SURYLGHV�QXPHURXV�FKDUDFWHUL]DWLRQV�DQG�LQWHUSUHWDWLRQV�IRU�WKH�VRLO�IRXQG�DW

WKH�VDPSOH�VLWH���´3ULPH�IDUPODQGµ�LV�GHILQHG�DV�ODQG�WKDW�KDV�WKH�EHVW�FRPELQDWLRQ�RI�SK\VLFDO�DQG
FKHPLFDO�FKDUDFWHULVWLFV�IRU�SURGXFLQJ�IRRG��IHHG��ILEHU��DQG�RLOVHHG�FURSV�LV�DOVR�DYDLODEOH�IRU�WKHVH
XVHV���7KHUHIRUH��WKH�FODVVLILFDWLRQ�´SULPH�IDUPODQGµ�SURYLGHV�D�VLPSOLILHG�FKDUDFWHUL]DWLRQ�RI�ODQG

TXDOLW\�WDNLQJ�LQWR�DFFRXQW�WKH�VRLO��ODQG�XVH��DQG�FOLPDWH�IDFWRUV��DQG�VXLWDELOLW\�IRU�DJULFXOWXUDO

DFWLYLWLHV���LQ�JHQHUDO��WKHVH�DUH�WKH�ODQGV�PRVW�LQWHQVLYHO\�FXOWLYDWHG���$ERXW�RQH�IRXUWK�RI�$PHULFD·V

SULYDWH�UXUDO�ODQG�LV�FKDUDFWHUL]HG�DV�SULPH�IDUPODQG��DQG�WZR�WKLUGV�RI�SULPH�IDUPODQG�LV�FXUUHQWO\

FURSSHG��VHH�ZZZ�QKT�QUFV�XVGD�JRY�ODQG�LQGH[�SULPH�KWPO�

7KH�15,�LV�XVHIXO�EHFDXVH�LW�SURYLGHV�SURSHUO\�FRUUHODWHG�VLWH�VSHFLILF�GDWD�RQ�VRLOV��ODQG�XVH�DQG�ODQG

XVH�FKDQJH��DQG�RWKHU�IDFWRUV�UHODWHG�WR�FRQVHUYDWLRQ�LVVXHV�IRU�D�ODUJH�QXPEHU�RI�VDPSOH�VLWHV�VSUHDG

WKURXJKRXW�WKH�FRXQWU\���6RLO�HURVLRQ�LV�RQH�RI�WKH�PDMRU�LVVXHV�DGGUHVVHG�E\�WKH�15,��WKH�15,�SURYLGHV

FRQVLGHUDEOH�GDWD�WKDW�HQDEOHV�PDQ\�IRUPV�RI�FRPSOH[�DQDO\VLV�RI�SUREOHPV�DVVRFLDWHG�ZLWK�HURVLRQ��RI

SURJUHVV�PDGH�LQ�UHFHQW�\HDUV��DQG�RI�LPSDFWV�RI�SURSRVHG�SROLFLHV�DQG�SURJUDPV�>.HOORJJ�HW�DO������@��

0DSV�KLJKOLJKWLQJ�DUHDV�RI�FXOWLYDWHG�FURSODQG�ZKHUH�VRLO�HURVLRQ�LV�H[FHVVLYH�LQ�UHODWLRQ�WR�´WROHUDEOH

UDWHVµ�DUH�TXLWH�XVHIXO�WR�15&6�>86'$�����@��VHH

ZZZ�QKT�QUFV�XVGD�JRY�ODQG�LQGH[�HURVLRQPDSV�KWPO���0DQ\�DVSHFWV�RI�HURVLRQ�FDQ�EH�DQDO\]HG�

SDUWLFXODUO\�LQ�UHJDUG�WR�KRZ�HURVLRQ�LV�FKDQJLQJ�DV�D�UHVXOW�RI�YDULRXV�SURJUDPV�DQG�FKDQJHV�LQ

PDQDJHPHQW�SUDFWLFHV�

��� )UDPHZRUN�IRU�6LPXODWLRQ�0RGHOLQJ

7KH�DELOLW\�WR�XVH�WKH�15,�DV�D�IUDPHZRUN�IRU�VLPXODWLRQ�PRGHOLQJ�KDV�EHHQ�PRUH�IXOO\�GHYHORSHG�LQ

UHFHQW�\HDUV�DV�JHRVSDWLDO�DQDO\VLV�WHFKQLTXHV�KDYH�H[SDQGHG�DQG�DGGLWLRQDO�GDWD�KDYH�EHHQ�VXFFHVVIXOO\

OLQNHG�WR�WKH�15,���:H�EULHIO\�GLVFXVV�WZR�VWXGLHV�WKDW�WUHDWHG�15,�VDPSOH�SRLQWV�DV�´UHSUHVHQWDWLYH

ILHOGVµ�DQG�VLPXODWHG�SHVWLFLGH�ORVV�IURP�IDUP�ILHOGV�LQ�RUGHU�WR�LQYHVWLJDWH�SRWHQWLDO�HQYLURQPHQWDO

ULVNV���2QH�RI�WKH�VWXGLHV�ZDV�D�QDWLRQDO�OHYHO�VLPXODWLRQ�IRFXVLQJ�RQ���FKHPLFDOV��WKH�RWKHU�LQYHVWLJDWHG

HQYLURQPHQWDO�ULVNV�DVVRFLDWHG�ZLWK����FKHPLFDOV�IRU����ZDWHUVKHGV�LQ�WKUHH�ODUJH�ULYHU�EDVLQV�

7KH�QDWLRQDO�DQDO\VLV�GHWHUPLQHG�ZKLFK�ZDWHUVKHGV�KDG�WKH�JUHDWHVW�SRWHQWLDO�IRU�WKH�FRQFHQWUDWLRQ�RI

SHVWLFLGH�ORVV�IURP�IDUP�ILHOGV�WR�H[FHHG�JURXQG�ZDWHU�TXDOLW\�WKUHVKROGV��SRWHQWLDO�IRU�UXQRII�ORVV�ZDV

DOVR�LQYHVWLJDWHG�>.HOORJJ��%DJGRQ��:DOODFH��3ORWNLQ�DQG�+HVNHWK�����@���7KH�*/($06�IDWH�DQG

WUDQVSRUW�PRGHO�ZDV�UXQ�IRU���������15,�VDPSOH�VLWHV���6RLOV�LQIRUPDWLRQ��FURSSLQJ�KLVWRU\��DQG�RWKHU

DWWULEXWHV�IRU�DQ�15,�VDPSOH�SRLQW�ZHUH�XVHG�WR�GHYHORS�ILHOG�FKDUDFWHULVWLFV�QHHGHG�IRU�WKH�PRGHO���,Q

DGGLWLRQ��EHFDXVH�WKH�15,�VXUYH\�GRHV�QRW�GLUHFWO\�FROOHFW�LQIRUPDWLRQ�RQ�FKHPLFDO�DSSOLFDWLRQV�

SHVWLFLGH�ORVV�FRQFHQWUDWLRQV�ZHUH�LPSXWHG�RQWR�15,�VDPSOH�SRLQWV�EDVHG�XSRQ�VRLO�W\SH��JHRJUDSKLF



���

ORFDWLRQ��DQG�SHVWLFLGH���8VLQJ�WKH�*/($06�PRGHO��DQQXDO�FRQFHQWUDWLRQV�DW�WKH�ERWWRP�RI�WKH�URRW

]RQH�DQG�DW�WKH�HGJH�RI�WKH�ILHOG�ZHUH�HVWLPDWHG�IRU�D����\HDU�SHULRG�DQG�FRPSDUHG�WR�ZDWHU�TXDOLW\

VWDQGDUGV���/LNHOLKRRG�WR�H[FHHG�WKUHVKROGV�DQG�WKH�VWDWLVWLFDO�ZHLJKWLQJ�IDFWRU�DVVRFLDWHG�ZLWK�HDFK

15,�VDPSOH�SRLQW�ZHUH�XVHG�WR�HVWLPDWH�ZDWHUVKHG�OHYHO�ULVN���7KH�VLPXODWLRQ�ZDV�FRQGXFWHG�IRU

��SHVWLFLGHV��DODFKORU��DWUD]LQH��F\DQD]LQH��PHWRODFKORU��DQG�VLPD]LQH��DQG����FURSV��EDUOH\��FRUQ��RDWV�
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